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abstract: To determine if Eimeria nieschulzi sup¬ 
presses Nippostrongylus brasiliensis-'mdvice.d self-cure 
in Sprague-Dawley rats by inhibiting free radical pro¬ 
duction, jejunal free radical production was assessed 
using the Thiobarbituric Acid Assay in rats infected 
with 1 X 10 3 third-stage larvae of N. brasiliensis an¬ 
d/or 1 X 10 s sporulated oocysts of E. nieschulzi. Sham 
infected rats administered saline served as controls. 
Rats infected with N. brasiliensis were killed on day 
11 postinoculation (PI) and those infected with E. nies¬ 
chulzi on day 8 PI. Rats infected with both parasites 
were killed when day 8 PI with E. nieschulzi coincided 
with day 11 PI A. brasiliensis. Free radical production 
was indirectly assessed by quantifying malondialde- 
hyde (MDA), and data were expressed as x nM MDA 
X 10~“/(jig mucosal protein. No significant (P > 0.05) 
differences in MDA production were observed among 
the groups. Results of this study show that E. nies¬ 
chulzi does not suppress N. brasiliensis self-cure by 
inhibition of free radical production in Sprague-Daw¬ 
ley rats and, in fact, that this rat strain does not in¬ 
crease jejunal free radical production in response to 
infection with either parasite. 

key words: Nippostrongylus brasiliensis, Eimeria 
nieschulzi, free radical production, malondialdehyde, 
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Smith and Bryant (1989) used a Thiobarbi¬ 
turic Acid (TBA) Assay to show that small in¬ 
testinal free radical production was associated 
temporally with the expulsion of Nippostrongy¬ 
lus brasiliensis primary infections in female 
Wistar rats and suggested free radicals play an 
important role in the self-cure process. These au¬ 
thors focused their studies on the generation and 
effects of free radicals in rats infected only with 
N. brasiliensis. In nature, however, animals are 
usually infected with more than 1 species of par¬ 
asite, and it has been shown that the host reac¬ 
tion to an infection with a single parasite species 
may be altered in the presence of another spe¬ 
cies. For example, Bristol et al. (1983) were able 
to show that Sprague-Dawley rats concurrently 


1 Corresponding author. 


infected with N. brasiliensis and Eimeria nies¬ 
chulzi had significantly longer helminth patent 
periods when compared to rats that had only 
been infected with N. brasiliensis, suggesting 
that the host’s immune and inflammatory re¬ 
sponse to N. brasiliensis was suppressed by E. 
nieschulzi- In separate reports, Broaddus et al. 
(1987) and Upton et al. (1987) demonstrated that 
E. nieschulzi suppressed N. brasiliensis- induced 
intestinal eosinophil lysophospholipase activity 
and relative peripheral eosinophilia, respective¬ 
ly. Although the mechanism by which E. nies¬ 
chulzi suppresses self-cure of N. brasiliensis in 
Sprague-Dawley rats is unknown, we hypothe¬ 
sized it may be due, in part, to a suppression of 
free radical production since (1) it has been 
shown that E. nieschulzi suppresses intestinal 
eosinophLa (Broaddus et al., 1987), and (2) it 
is known that eosinophils are a major source of 
the free radicals generated in response to N. 
brasiliensis (Smith and Ovington, 1994). To test 
our hypothesis, specific pathogen-free mature 
male Sprague-Dawley Rattus norvegicus, each 
weighing 150-300 g, were used. Each rat was 
individually housed in an autoclaved cage that 
contained bedding (wood shavings) and was 
covered with a wire lid. Food and water were 
provided ad libitum. Rats were infected with 1 
X 10 3 third-stage larvae of N. brasiliensis and/or 
1 X 10 s sporulated oocysts of E. nieschulzi and 
were killed on day 11 of the nematode infection 
{N = 5), day 8 of the coccidian infection ( N — 
5), or when day 8 of the E. nieschulzi infection 
coincided with day 11 of the N. brasiliensis in¬ 
fection (N = 5). Uninfected sham-treated con¬ 
trols were administered 0.9% saline (NaCl) 
(w/v) and killed simultaneously along with un- 
infected-untreated controls. The jejunum was re¬ 
moved, slit open, washed to remove all debris 
and worms, and the number of worms present 
quantified. Intestinal mucosa (250 mg) was 
weighed and homogenized in a Virtis tissue ho- 
mogenizer in phosphate-buffered saline (PBS), 
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Figure 1. Malondialdehyde (MDA) production 
(x nM MDA x 10 2 /|xg protein ± SE) by small in¬ 
testinal mucosa from rats infected with Nippostron- 
gylus brasiliensis (NB) and/or Eimeria nieschulzi 
(EN), from sham-infected control rats that received 
saline subcutaneously (SC) and/or per os (PO), and 
from uninfected controls (C). N = 5 rats/group. NB 
= day 11 postinfection (PI); SC control. EN = day 
8 PI; PO control. EN/NB = day 8 PI EN and day 
11 PI NB; PO/SC control. 


pH 7.4, with the final volume being 2.5 ml. Free 
radical levels were determined in the mucosa in¬ 
directly by using the TBA Assay (Asakawa and 
Matsushita, 1980) to measure malondialdehyde 
(MDA), an end product of the lipid peroxidation 
reaction generated by free radicals. A standard 
curve was prepared for use in determining MDA 
concentration in the mucosal homogenate sam¬ 
ples by plotting the absorbance readings ob¬ 
tained from the following known concentrations 
of 1,1,3,3-tetramethoxypropane (malonaldehyde 
bis[dimethyl acetal]): 0.25, 0.5, 1, 2, and 4 nM. 
Absorbance was measured using a Beckman 
spectrophotometer at 532 nm. Protein concentra¬ 
tions in the homogenates were determined using 
the Bradford Assay, and data were expressed as 
x nM MDA X 10 2 /|xg protein. Data were ana¬ 
lyzed with a multivariate analysis of variance 
using a Wilks’ Lamda (P-value = 0.6521). 

The small intestinal mucosa from all experi¬ 
mental groups tested positive for the presence of 
low levels of MDA; however, no significant (P 
> 0.05) differences in MDA production were 
found among the groups (Fig. 1). 

Smith and Bryant (1989) suggested that free 
radicals play an important role in N. brasiliensis 
self-cure in Wistar rats. Results of the present 
study, however, suggest they are not important 
effectors of self-cure in Sprague-Dawley rats, 
since free radical levels during single or con¬ 


current infection with N. brasiliensis and/or E. 
nieschulzi did not differ from those of uninfect¬ 
ed control rats. These results are consistent with 
data obtained from mice infected with N. bras¬ 
iliensis in our laboratory (Modric and Mayberry, 
1994). The data also indicate E. nieschulzi does 
not inhibit self-cure of N. brasiliensis through 
suppression of free radical production. 

Results of our TBA Assay show that low lev¬ 
els of MDA were produced during infection 
with N. brasiliensis or E. nieschulzi when com¬ 
pared to those levels observed by Smith and 
Bryant (1989) and Ovington and Smith (1992) 
in response to N. brasiliensis and E. vermifor- 
mis, respectively. It is possible that free radicals 
were produced in larger quantities in the 
Sprague-Dawley rats, but they were not able to 
participate in the lipid peroxidation reaction 
where MDA was formed due to the detoxifica¬ 
tion of free radicals by various host or parasite 
enzymes such as superoxide dismutase (SOD), 
catalase, and peroxidases (Ellis, 1990). In sup¬ 
port of this argument, Batra et al. (1993) re¬ 
ported that N. brasiliensis contained SOD, glu¬ 
tathione peroxidase, and also catalase. It may be 
that the strains of N. brasiliensis used in our 
laboratory and Sprague-Dawley rats have higher 
levels of these enzymes than parasite or host 
strains used by other researchers such as Smith 
and Bryant (1989). An alternative explanation as 
to why our experiments with N. brasiliensis pro¬ 
duced results that are contradictory to those re¬ 
ported by Smith and Bryant (1989) may be that 
they infected rats with 6 X 10 3 third-stage larvae 
of N. brasiliensis, while we infected with 1 X 
10 3 . The increased number of larvae adminis¬ 
tered in the experiments by Smith and Bryant 
may have resulted n an ntestinal worm burden 
large enough to induce a significantly higher 
level of free radical production and, thus, MDA 
when compared to the MDA levels of the cur¬ 
rent study. A third explanation may be that the 
production of parasite-induced free radicals may 
vary not only with the parasite burden and strain 
but with the strain of host as well. These are all 
important factors that must be considered when 
extrapolating results obtained in 1 laboratory or 
host system to results obtained in other labora¬ 
tories with different strains of host and/or para¬ 
site. 
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